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Abstract 
The behavioral measures such as neck vending angle and tracking error in steering maneuvering during the simulated driving 
task was recorded under the low arousal condition of all participants who stayed up all night without sleeping. We conducted 
trend analysis where time and the behavioral measure of drowsiness corresponded to an independent variable and a dependent 
variable, respectively. Applying the trend analysis technique to the experimental data of participants from whom the point in time 
when the participant would have encountered a crucial accident if he or she continued driving a vehicle (virtual accident), we 
proposed a method to predict in advance (before virtual accident occurs) the point in time with high risk of crash.  By applying 
the proposed trend analysis method to behavioral measures, we found that the proposed approach could identify the point in time 
with high risk of crash and eventually predict in advance the symptom of the occurrence of point in time of virtual accident. 
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1. Introduction 
McDonald, Schwartz, Lee, and Brown [1] showed that steering wheel angle could be used to predict drowsiness 
related lane-departures six seconds before they occurred. Hanowski, Bowman, Alden, Wierewille, and Carrol [2] 
made an attempt to assess driver drowsiness using an eye-closure measure and lane deviation performance, and 
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showed that a multi-metric assessment system was more robust and effective than a single-metric assessment system 
using only an eye-closure measurement. Although these studies succeeded in measuring lane deviation performance 
or the percentage eye closure and assessing or categorizing the drowsy level using these measures, these studies did 
not predict in advance the point in time or episode with a higher risk of crash (accident).   
Attempts have been made to predict drivers’ drowsiness using physiological and behavioral evaluation measures 
[3]-[10]. Here, the drowsiness is represented by the psychological evaluation of drowsiness using a 3-point scale 
(arousal, 2: a little drowsy, 3: very drowsy). In other words, an attempt was made to predict the drowsiness on the 
basis of the relationship between subjective drowsiness (sleepiness) and the physiological or behavioral evaluation 
measures.  These studies made an attempt to predict the subjective rating on drowsiness using physiological and 
behavioral measures, and obtained prediction accuracy of more than 0.85. However, it is difficult to accurately 
predict the point in time with high risk of crash (accident) using the prediction outcome of subjective drowsiness.  
Physiological measures is not practical due to expensive price of their measurement apparatus. The self-reported 
(psychological) evaluation of arousal level as a predictor or detector is also not desirable from the practical 
viewpoint. Although it may be possible to roughly predict the point in time with high risk of crash (accident) using 
the predicted outcome of subjective drowsiness, it is difficult to conduct this (predicting in advance the episode with 
high risk of accident) accurately due to low timeliness of subjective rating. 
In a series of studies [3]-[10], the subjective rating on drowsiness was used as a standard for an operational 
definition of drowsiness. In these studies, the subjective rating on drowsiness was predicted using driver-based 
physiological measures such as EEG and behavioral measures such as tracking error (steering wheel angle). On the 
basis of the predicted subjective rating on drowsiness, an attempt was made to reduce crash risk.  
In this study, a variety of behavioral measures were used to predict in advance the point in time with high risk 
(probability) of crash. More concretely, using each behavioral measure and applying the trend analysis to each 
measure, a method to predict in advance the point in time with high probability of potential danger of accident. In 
our proposed approach, the self-reported evaluation of drowsiness was not directly used for predicting drowsiness, 
but as a reference for identifying the point in time with high risk (probability) of accident. In other words, the 
subjective rating on drowsiness was not used for the trend analysis, but for identifying the point in time with high 
probability of crash putting together with the tracking error.  
We examined the process until we judged that it was not valid (proper) to keep the participant continuing the 
simulated driving task. In such a way, it was examined whether the point in time with high risk of crash was 
observable for all participants. When the point in time with high risk of crash was identified, we proposed an 
approach to predict in advance the point in time of virtual accident using the result of trend analysis. 
2. Method 
According to the proposed method and the experimental data in Murata, Fukuda, and Koriyama [11], an attempt 
was made to predict the point in time with high risk of accident. The following eight behavioral measures were used: 
neck vending angle (horizontal and vertical), back pressure, difference of back pressure, foot pressure, difference of 
foot pressure, COP movement on sitting surface, frequency of body movement, and tracking error in driving 
simulator task. The psychological rating (1: arousal, 2: a little drowsy, 3: very drowsy was also used as a 
supplementary means to identify the point in time with high risk of crash.  
In Fig.1, the approach for detecting significant trends (increase or decrease) and warning the state of drivers is 
summarized. First, the original time series are entered into a 5-point moving average algorithm. Here, the interval 
for the trend analysis was fixed to 4 minutes. The mean values of behavioral measures were calculated every 10 s. A 
total of 24 data were used for the trend analysis per one interval. The interval was moved forward by 10 s as in 
Fig.1. In this figure, a total of 55 intervals (T0, T1,….., T53, T54) were used for the trend analysis, and the judgment of 
trend was conducted for each interval. The reason why the interval of trend analysis was fixed to 4 min is as follows. 
If we take the interval too long and average the evaluation measure during this interval, it is difficult to grasp the fast 
changing trend. If the interval was too short, it doesn’t enable us to grasp the slow changing. Therefore, we 
empirically determined the trend analysis interval, and determined to use the trend analysis interval of 4 min. 
However, it must be further explored what analysis interval is suitable for the trend analysis. 
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Using a single regression model, trend analyses for each interval were carried out for each evaluation measure. In 
the regression model, time and the measure of drowsiness (one of eight behavioral measures) corresponded to an 
independent variable and a dependent variable, respectively. Careful observation of the trend (significant increase or 
decrease) of each evaluation measure must be continued until the symptom of virtual accident is certainly extracted 
and identified.  
Fig.2 is an example of such a trend analysis of the tracking error for the predetermined interval. The downward 
arrow shows the point in time with high probability of potential danger of accident. Significant trends of increase 
were detected for the intervals ձ and ղ. As for the intervals ճ and մ, no significant trends of increase or decrease 
were detected. A significant trend of increase was again detected for the interval յ. In such a way, trend analyses 
were conducted for all intervals and for all measures. 
3. Results 
The point in time of virtual accident was defined as follows. Past studies (McDonald et al. [1]; Hanowski [2]) 
have shown that the point in time with high risk of crash can be identified to some extent using the steering wheel 
angle. We judged that the participant surely would have been encountered a serious accident with fairly high 
probability if continued driving, when the following two conditions simultaneously occurred. (i) Mean tracking error 
per one minute is more than 1.8m. (ii) The participant could not report subjective drowsiness using a switch. The 
tracking error of 1.8 m corresponds to the half of lane width and indicates that the vehicle location is dispersive, and 
thus we cannot judge that the participant is driving normally. This judgment that the participant must surely 
encounter a crash if he or she continued driving in a real-world driving environment was also visually checked by 
the experimenter while monitoring the behavior of the participants. 
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Fig. 1. Proposed approach for detecting significant trends (increase or decrease) and warning drowsy driving. 
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Fig. 2. An example of trend analysis of tracking error for the predetermined interval. Significant trends of increase were detected for intervals ķ, 
ĸ, and Ļ. No significant trends of increase were detected for intervals Ĺ and ĺ. 
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As a result of checking the data of all participants, the point in time of virtual accident was detected in ten out of 
fifteen participants. As for other five participants, no definite virtual accident could be identified, although they 
tended to feel drowsy with the elapse of experimental time. As the aim of this study was to propose a method to 
predict in advance the crash risk using the trend analysis, we applied the trend analysis of behavioral measures to 
only ten participants for whom the point in time of virtual accident was detected. For other five participants, we 
judged that an attempt to predict in advance the point in time of virtual accident by means of the trend analysis was 
meaningless, because the virtual accident did not occur for them. 
As shown in Fig.2, the downward arrow shows the point in time (of virtual accident) with high probability of 
potential danger of accident. According to the trend analysis shown in the procedure, it was examined whether this 
point in time can be in advance predicted or not for ten participants for whom the point in time of virtual accident 
was detected.   
Table 1 summarizes the results of the identification of the point in time with high risk of crash, and the trend of 
significant increase or decrease of evaluation measures that was predicted in advance before the identified point in 
time of virtual accident. In Table 1, for example, the data (tracking error) “+27 (490-750 s)” of the participant TE 
represents that the increasing trend was observed consecutively 27 times during the interval from 490 to 750 s. The 
data (foot pressure) “-19(650-830 s)” of the participant TE shows that the decreasing trend was observed 19 times in 
a row during the interval from 650 to 830 s. 
4. Discussion 
Table 1 suggests that the trend analysis can identify to some extent the point in time with high risk of crash 
(accident) before the virtual accident occurs. The consecutive increasing trends of tracking error were observed for 
ten participants analyzed. The consecutive decreasing trends of foot pressure and difference of foot pressure were 
observed for ten participants analyzed. For other five measures, either consecutive increasing or decreasing trends 
were observed.  
On the basis of the data shown in Table 1, the point in time with high risk of crash can be identified as follows 
before the virtual accident. The identified time zones of significant trend for each behavioral measure were plotted 
as shown in Fig.3 (participant TE) and 4 (participant TK). In Fig.3, the time zone of significant increase or decrease 
trend when the most behavioral measures (seven out of eight measures) overlapped corresponded to the time zone 
from 730 s to 750 s. Even for the time zones from 680 s to 730 s, and from 750 s to 790 s, six out of eight behavioral 
measures overlapped. Thus, it would be possible to provide some warning with the participant at the time zone 
between 680 s to 790 s. Even from Fig.4, it is possible to provide some warning with the driver and let the 
participant inform of the upcoming of virtual accident. From 640 s to 660 s, significant increase or decrease trend 
was most frequently observed. In other words, such trends were seen for six out of eight behavioral measures. Four 
behavioral measures simultaneously showed significant trends between 600 s and 640 s, and five measures 
simultaneously showed significant trends between 660 s and 700 s. 
In such a way, the proposed method enables us to identify the point in time with high risk of crash before 
reaching the point in time of virtual accident. In order to make drivers cautious of the forthcoming risky state with 
high probability of crash and prevent traffic accidents from occurring, not only the assessment of the drowsiness but 
also the predicting in advance the occurrence of virtual accident (crash) is indispensable.  
In this study, the interval used for identifying the trend was fixed to 4 minute (one data/10s). We must further 
explore how the interval of trend analysis and the duration of one data (in this study, the interval of analysis and the 
duration of one data corresponded to 4 minutes and 10s, respectively) affect the result of trend analysis. Future 
research should also make an attempt to make use of the proposed method, predict the time in point with 
considerably high probability of potential danger of accident in real-world driving environment, and further verify 
the effectiveness of the proposed method. 
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Difference of foot 
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Difference of back 
pressureFoot pressureBack pressure
Vertical neck 
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Horizontal neck 
bending angleCOP movementTracking error
Point in time 
of virtual 
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Participa
nt
Table 1 Results of the identification of the point in time with high risk of crash (virtual accident), and the 
consecutive trend of significant increase or decrease of evaluation measures that was predicted in advance 
before the point in time of virtual accident. +x: increasing trend continued x times in a row. –y: decreasing 
trend continued y times in a row. 
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Fig. 3. Identification of point in time with high risk of crash (Participant TE). 
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Fig. 4. Identification of point in time with high risk of crash (Participant TK). 
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